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NEXT-GENERATION SEQUENCING
AND VARIANT ANALYSIS

Solution hybridization exome capture
was performed by using the SureSelect
Human All Exon System (Agilent Tech-
nologies, Santa Clara, CA), which uses
biotinylated RNA baits to hybridize to
sequences that correspond to exons.1

Manufacturer’s protocol version 1.0 com-
patible with Illumina (Illumina Inc, San
Diego, CA) paired-end sequencing was
used, with the exception that DNA frag-
ment size and quality was measured by
using a 2% agarose gel stained with Sybr
Gold rather than using an Agilent Bio-
analyzer. The manufacturer’s specifica-
tions state that the capture regions total
∼38 Mb. This kit covers 1.22% of the hu-
man genome, corresponding to the Con-
sensus Conserved Domain Sequences
database and .1000 noncoding RNAs.
Flowcell preparation and end read se-
quencing were carried out per protocol
for the GAIIx sequencer (Illumina Inc).2 Two
76-bp paired-end lanes on a GAIIx flowcell
were used per exome sample to generate
sufficient reads to generate the aligned
sequence. Image analysis and base calling
on all lanes of data were performed by
using Illumina Genome Analyzer Pipeline
software (GAPipeline versions 1.4.0 or
greater; Available at: www.illumina.com/
software/genome_analyzer_software.
ilmn) with default parameters.

READ MAPPING, VARIANT CALLING,
AND ANNOTATION

Reads were aligned to a human refer-
ence sequence (University of California
Santa Cruz [UCSC] assembly hg18, Na-
tional Center for Biotechnology Infor-
mation build 36) by using “efficient
large-scale alignment of nucleotide
databases.” Reads that aligned uniquely
were grouped into genomic sequence
intervals of ∼100 kilobases (kb); reads
that failed to alignwere binnedwith their
paired-end mates. Reads in each bin
were subjected to a Smith-Waterman–
based local alignment algorithm,
cross_match by using the parameters –
minscore 21 and –masklevel 0 to their
respective 100-kb genomic sequence
(http://www.phrap.org). A total of 6
gigabases of high-confidence mappable
sequence data were generated in au-
tosomal targeted regions per individual.
Genotypes were called at all positions
with high-quality sequence bases (Phred-
like Q20 or greater) by using a Bayesian
algorithm (MPG).3 Genotypes with an
MPG score $10 demonstrate .99.89%
concordance with SNP Chip data. The
targeted regions included the exons of
17 134 genes, with a total of 36 025 890
bases in the human genome. We were
able to capture and sequence 93.1% of
the exome (as defined by UCSC known
gene annotations) in twin A and 92.4%

of the exome in twin B. Annotation
of coding single nucleotide variants
(SNVs) was based on UCSC’s “known
genes” dataset. Missense variants
were sorted by the degree of severity
of functional disruption prediction
by using Conserved Domain-based
Prediction.4

By using Conserved Domain-based
Prediction, sequence variants relative
to human reference sequence (hg18),
namely SNVs and short deletion-
insertion variants (DIVs), were first
identified by using MPG. SNVs and DIVs
were classified by a custom suite of
annotation scripts (Protein Integrated
ANNOtation [PIANNO]) as those in intronic,
ultratranslated regions, or within cod-
ing regions. The software further com-
puted the consequence of SNVs as
either missense, nonsense, or silent,
splice-site affecting, or coding frame
altering for DIVs, respectively. The
functional consequence of themissense
variants was scored based on the de-
gree of conservation at the substitution
site (d-score is a measure of deviation
from the reference amino-acid). The
more negative the d-score, the more
deleterious the prediction. Finally, var-
iants detected in dbSNP (version 130;
Available at: www.ncbi.nlm.nih.gov/
projects/SNP/) were not analyzed fur-
ther in this context.4
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